Background and Purpose-In the discussion on the value of population-wide screening for asymptomatic carotid artery stenosis (ACAS), reliable prevalence estimates are crucial. We set out to provide reliable age-and sex-specific prevalence estimates of ACAS through a systematic literature review and meta-regression analysis. Methods-We searched PubMed and EmBase until December 2007 for studies that reported the prevalence of ACAS in a population free of symptomatic carotid artery disease. Data were extracted with use of a standardized form on participants' characteristics, assessment method, study quality, and prevalence estimates for moderate (Ն50% stenosis) and severe (Ն70% stenosis) ACAS. Metaregression was used to investigate sources of heterogeneity. Results-Forty studies fulfilled the inclusion criteria. There was considerable variation among studies with respect to demographics, methods of grading stenosis, and stenosis cutoff point used. The pooled prevalence of moderate stenosis was 4.2% (95% CI, 3.1% to 5.7%). Prevalence of moderate stenosis among people age Ͻ70 years was 4.8% (95% CI, 3.1% to 7.3%) in men and 2.2% (95% CI, 0.9% to 4.9%) in women. Among those Ն70 years, prevalence increased to 12.5% (95% CI, 7.4% to 20.3%) in men and to 6.9% (95% CI, 4.0% to 11.5%) in women. Metaregression showed that both age and sex significantly affected the prevalence of moderate stenosis. No contribution of study size, publication year, geographic region, assessment method, and study quality was found. The pooled prevalence of severe stenosis was 1.7% (95% CI, 0.7% to 3.9%). Conclusions-Prevalence of moderate stenosis increases with age in both men and women, but men at all ages have the higher prevalence estimates. The number of studies that allowed meaningful data synthesis of severe stenosis was limited.
S
troke is the leading cause of death and hospitalization in both men and women in nearly all European countries and the third major cause of death in the United States. 1, 2 Carotid artery stenosis is 1 of the risk factors for stroke. 3, 4 Studies have reported an annual risk of stroke of Ϸ2% to 5% for patients with severe asymptomatic carotid stenosis. 4 -7 Carotid endarterectomy is 1 of the most common vascular surgery procedures, and it reduces the risk of stroke in patients with symptomatic carotid stenosis. 8, 9 However, despite the publication of several randomized, controlled trials in asymptomatic patients, 10 ,11 the role of carotid endarterectomy and noninvasive screening is still debated, [12] [13] [14] in part because accurate estimates of the prevalence of carotid stenosis in different risk groups are missing. This precludes planning of effective screening and treatment of populations at (high) risk of severe asymptomatic carotid stenosis who might benefit from preventive surgery. We set out to provide reliable age-and sex-specific prevalence estimates of asymptomatic carotid artery stenosis through a systematic literature review and a meta-analysis.
Methods

Search Strategy
We performed a PubMed and EmBase search to retrieve all published articles reporting on the prevalence of asymptomatic carotid artery stenosis from 1966 until December 2007. The following keywords were used: carotid arter* diseas* (title/abstract), carotid arter* stenos* (title/abstract), carotid stenos* (title/abstract), or carotid arter* atheroscleros* (title/abstract) combined with prevalence (all fields), frequency (title/abstract), or occurrence (title/ abstract). A cross-reference check was performed to ascertain additional articles.
Study Eligibility
We reviewed the abstracts to identify studies that satisfied the following predefined inclusion criteria. First, studies must have Conversely, studies on patients with clinically manifest vascular disease or those at high risk for vascular events were excluded. Studies with information on the prevalence of asymptomatic carotid stenosis in the control groups of a clinical trial resembling the general population were also included. Second, studies were required to have reported sufficient detail to allow estimating the prevalence of stenosis. Thus, studies with measurements of carotid intima-media thickness of plaques only were not included. We included crosssectional and cohort study designs and articles in any language. Studies were included only once if there were multiple publications concerning the same study population.
Data Extraction
Two investigators (M.d.W. and A.W.F.d.J.) selected the studies to be included in the review, extracted the data independently, and cross-checked them, with disagreement resolved by discussion with a third reviewer (either J.P.G. or M.L.B.). The following data were extracted from each study: description of the population characteristics (publication year, type of population, country, number of included participants, age range, mean age, sex distribution), assessment method, method of measurement of carotid stenosis, and carotid stenosis prevalence estimates. Data were extracted with the use of standardized data extractions forms specifically created for this review and were subsequently entered into a database. Where mean age was not stated, the population weighted mean or midpoint of the range was derived. Because different cutoff points for stenosis were used, we distinguished the following categories: moderate stenosis (Ն50%) and severe stenosis (Ն70%).
Quality Assessment
Quality of all selected articles was assessed by 1 of the investigators (J.P.G.) for the following attributes: representation of the general population, appropriate recruitment of the population, and adequate response rate. In prevalence studies, the participants selected ideally should be representative of the general population. Methods of achieving this may involve using population registries, inhabitants of a defined area, and people registered with a general practice. Participants attending health checkups may be biased and only cover certain population groups. Recruitment was considered appropriate if recruitment of participants was random or consecutive rather than performed for convenience. A response rate of 50% or higher was considered adequate.
Data Analysis
Prevalence estimates were, wherever possible, stratified by age and sex for each study. Outcome measures were pooled across studies with use of a random-effects model, which allows for heterogeneity of effects between studies. 15 To test our hypothesis concerning the effect of age and sex, a metaregression model was built with prevalence estimates of moderate stenosis as the dependent variable.
The covariates in this model were participants' mean age, percentage IDDM indicates insulin-dependent diabetes mellitus; MI, myocardial infarction; PAD, peripheral artery disease; TIA, transient ischemic attack; CEA, carotic endarterectomy; and CVA, cerebrovascular accident. Because the majority of studies did not report the method of measurement (ie, NASCET or ECST method) of stenosis, a column with this information was not added. When the method of measurement was reported, the NASCET method was used.
*Not documented. †1ϭDoppler, 2ϭduplex. ‡1ϭLumen diameter reduction, 2ϭpeak systolic velocity method. §1ϭRepresentation of the general population, 2ϭappropriate recruitment of the population (random or consecutive), 3ϭadequate response rate (Ն50%).
of women, study size, publication year, geographic region, assessment method (Doppler versus duplex), and several quality indicators. Publication bias was examined visually with a funnel plot of study precision against effect size and statistically by Egger's test. A deficiency in the base of the funnel with asymmetry indicates the presence of possible publication bias from unpublished small studies. Statistical analyses were performed with SAS (version 9.1) and STATA (version 8.0). Figure 1 shows the consecutive steps that were followed to identify the appropriate studies. We identified 40 studies that fulfilled all inclusion criteria. 16 -55 Table 1 summarizes the characteristics of these studies. One of these publications was in Spanish, 40 and the remaining 39 were in English. Three studies 26, 45, 55 examined Ͼ5000 individuals and contributed almost 50% of the total number of individuals. There was a considerable variation among studies with respect to demographics (age and sex distribution), methods of grading stenosis, and the stenosis cutoff point used. Study quality assessment revealed deficiencies in many areas of methodology. Seven studies met all 3 quality criteria, 10 studies met 2 criteria, 7 met 1 criterion, and the remaining 15 studies met no quality criterion (Table 1) . Figure 2 ). Restricting our analysis to only population-based studies 17,24 -26,31,32,42,45,53 resulted in a similar pooled prevalence estimate of 4.1% (95% CI, 2.4% to 6.8%). Figure 1 . Results of search strategy.
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Eight studies provided prevalence estimates stratified by age and sex. 17, 18, 26, 38, 40, 43, 44, 47 Prevalence estimates were heterogeneous even within age and sex subgroups (Figure 3) . Prevalence of moderate stenosis was higher in men than in women Ͻ70 years, being, on average 4.8% (95% CI, 3.1% to 7.3%) in men and 2.2% (95% CI, 0.9% to 4.9%) in women. In those age Ͼ70, prevalence estimates were higher, being, on average, 12.5% (95% CI, 7.4% to 20.3%) in men and 6.9% (95% CI, 4.0% to 11.5%) in women. One included study 47 examined a birth cohort at age 78 and had an exceptionally high prevalence estimate (22.5%; range in other studies, 0% to 15.1%). Exclusion of this study altered the results in those age Ͼ70 to 10.7% (95% CI, 6.6% to 16.9%) in men and 5.8% (95% CI, 3.7% to 9.1%) in women.
Metaregression analysis showed that both age and sex had a significant influence on the prevalence of moderate stenosis. There was an estimated increase in prevalence of moderate stenosis for older age and male sex ( Table 2) . The estimated between-study variance was reduced from 0.20 to 0.10. There was no significant effect of study size, publication year, geographic region, assessment method, and study quality on moderate stenosis prevalence estimates ( Table 2) . Examination of the funnel plot (not shown) demonstrated that there was no asymmetry for studies on prevalence of moderate carotid artery stenosis (Egger's test Pϭ0.438).
Severe Carotid Artery Stenosis
For the analysis of severe carotid artery stenosis (Ն70%), only 4 studies, totaling 6518 individuals, provided data. 36, 41, 45, 47 Overall, the prevalence of severe stenosis ranged from 0% to 4.9%, with a pooled random-effects prevalence estimate of 1.7% (95% CI, 0.7% to 3.9%). Stratified analysis and metaregression analysis were not attempted for prevalence of severe stenosis analysis given the paucity of studies.
Discussion
We conducted a systematic review of studies addressing the prevalence of moderate and severe carotid artery stenosis and a metaregression analysis to understand the reasons for estimate variability. Our findings show that the prevalence of moderate stenosis increases with age in both men and women, but that men at all ages have the highest prevalence estimates. Different age and sex distribution across studies explained half of the heterogeneity in prevalence estimates. The number of studies that allowed meaningful data synthesis of severe stenosis was limited.
Information on the prevalence of asymptomatic carotid stenosis may provide insight into the planning and allocation of funds for screening methods to detect patients who may benefit from carotid endarterectomy. Although there are sufficient data to provide reliable age-and sex-specific prevalence estimates of moderate stenosis, there are limited data on prevalence estimates of severe stenosis available in the literature. At present, there is considerable variation among studies with respect to cutoff point used for severe stenosis (70%, 75%, and 80% stenosis). Moreover, the method of measurement used, ie, NASCET or ECST, which was not always reported, may also have influenced the estimates. As a result, no reliable age-and sex-specific prevalence estimates for severe stenosis could be provided, while probably only asymptomatic patients with severe stenosis are at high enough risk to justify carotid endarterectomy. 10, 11, 14 To resolve this lack of accurate age-and sex-specific prevalence estimates of severe stenosis, we might ask original investigators for stratified analyses for the degree of stenosis of interest. However, in that case, we might as well ask for the individual patient data. The latter would allow recoding of variables, more flexible analyses, and more advanced modeling techniques.
We observed that moderate stenosis was more prevalent among men than women, and there was an increasing prevalence with age, which confirms previous findings. 26,29 -31,39,45 Given that carotid endarterectomy also appeared to be more beneficial in men than women, 13, 14 this might imply that screening for asymptomatic carotid stenosis might be more worthwhile among men with reasonable life expectancy than among women. However, treatment choice requires a comparison of acute treatment-related risks and future stroke risk, and only a welldesigned decision analysis can gain the best possible insight in the balance of risks and benefits. Such analysis can also determine whether screening would be effective in the entire population or in subgroups according to age or sex only. Therefore, further research is required to identify those individuals with asymptomatic stenosis who might derive the most benefit from preventive treatment.
This study has several limitations. First, the stratified prevalence estimates may have been influenced by the relatively small number of studies that provided age-and sexspecific data. Another limitation concerns nonresponse within the included studies. As nonresponse increases with age and asymptomatic carotid stenosis is more prevalent in older patients, the overall prevalence estimates may have been underestimated. Third, the studies included in this review used different methods to determine the degree of stenosis, ie, duplex or Doppler alone. Duplex screening has been shown to be an accurate method for assessing carotid stenosis 56 and is the most frequently used method nowadays. Doppler screening alone has been shown to be less accurate than duplex screening and tends to underestimate the degree of stenosis. Metaregression showed that the overall prevalence estimates of moderate stenosis, however, did not essentially differ between studies that used the duplex assessment method and those that used Doppler alone. In addition, we reviewed whether the included studies reported the method of measurement of stenosis (ie, NASCET or ECST method), because it has been shown that the NASCET method results in lower estimates of the degree of stenosis compared with the ECST method. 57 Unfortunately, only a few studies provided details about the method of measurement used. Because of the lack of information about which method of measurement was used, we were unable to convert stenosis values to 1 uniform method. Surprisingly, metaregression showed that quality features did not significantly add to the variation in prevalence estimates of moderate stenosis. Our quality scoring method may, however, not have entirely captured all methodologic aspects. Alternatively, the seemingly considerable number of studies (Nϭ29) may still have been too small to yield sufficient statistical power for conducting metaregression analyses. We think, however, that factors such as average age and sex may be much stronger determinants, ie, may have overruled methodologic quality of the studies.
In conclusion, we noted that good stratified prevalence estimations are difficult to extract from the literature. Collaborative efforts with pooled analysis of individual patient data are needed to estimate the prevalence of asymptomatic carotid stenosis in subgroups more accurately. Such data can then also be used to explore whether screening and treatment 
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